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Data S2. Supplementary References. , suggesting that these keratinocytes are actively involved in sensory perception 1 and not just passive bystanders. In this study, it is hypothesized that keratinocytes actively participate in peripheral sensation by interacting and forming sensory units with nerve endings.
| QUESTIONS ADDRESSED
In validation of this hypothesis, to obtain further insights into keratinocyte-nerve interactions, we developed a fully human cell-based twodimensional (2D) model and used high-resolution imaging techniques to study and visualize these contacts in an unprecedented level of detail.
| EXPERIMENTAL DESIGN
Human GFP-NCCs were differentiated into sensory neurons within a well of an ibidi insert. On the 12th day, human keratinocytes were seeded onto the adjacent well, and 2 days later (day 14), the insert barriers were removed allowing both cell types to connect with each other (See Figure S1 ).
| RESULTS

| Neurons connect specifically to keratinocytes in the human co-culture system
Live cell imaging using GFP-tagged NCC-derived neurons reveals that they extend dynamic neurite protrusions in the direction of the keratinocytes (Movies S1, S2; Figure S2 ). Even after making contact with individual keratinocytes, neurite extensions would often retract and extend again, suggesting that the surfaces of different keratinocytes are differentially permissive to the formation of stable connections with peripheral neurons as they search for the best connection ( Figure S2a ). However, neurons cocultured with adult human skin fibroblasts did not show any outgrowth of neurites ( Figure S2b ), suggesting that the contact established with keratinocytes is very selective and specific, probably due to keratinocytederived factors, as previously described 5, 12 and shown here ( Figure S3 ). (±22.67) of these neurites interacting with keratinocyte were positive for a specific marker for the peripheral nerve system, peripherin.
Merged image slices of the z-stack confirm that these contacts are very intimate on different z-planes (thicker and shorter white arrow) and some neurites increase the interaction surface by forming boutontype outgrowths at the contact point with the keratinocyte membrane (thinner and longer white arrows). Others appear to merge with the membrane, and at some locations, the nerve fibres seem to pass over or through the keratinocyte membrane (white Y). 
| High-resolution imaging further characterizes the heterogeneous interactions
| Evidence for functional cross-talk between keratinocytes and neurons in this human co-culture model
Cross-talk between keratinocytes and neurons has been previously 
| CONCLUSION
These results obtained from this novel human co-culture model support the hypothesis that keratinocytes are connected to nerve fibres and participate in peripheral sensation in a bidirectional way. Keratinocytes are known to secrete soluble factors (eg BDNF) that stimulate neurite outgrowth 5, 12 and to modulate the sensitivity of nerve fibres types explains the astonishing and diverse sensitivity of the skin with sensations ranging from pain, burning, formication to itch 18, 19 . The bidirectional activity of this interaction is shown by the aggravation of various skin diseases by psychological stress 18, [20] [21] [22] . This study revealed heterogenous types of connections between nerve fibres and keratinocytes. Future experiments should reveal whether these different connections are associated with polymodal sensory capabilities of the skin, such as mechano-or chemosensation.
As opposed to the existing skin-nerve co-culture models, this is unique as it is a fully human system. It is also amenable to diverse methods of analysis, including protein expression/localization, electrophysiology and gene expression. This model is flexible enough to use it in combination with different human peripheral neurons and various other cell types to study the specific interactions, leading to a better understanding of pathophysiological processes in pain, itch, wound healing or even in dermato-allergo-immunology at the crossroads between the neuro-immuno-dermatologic axis.
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| QUESTIONS ADDRESSED
A deregulation of miR expression in skin-associated diseases such as psoriasis and atopic dermatitis has been reported previously. 4, 5 However, to our knowledge, no study has been published yet, showing that specific secretory miRs become deregulated in the course of skin ageing and are involved in human skin cell crosstalk. Thus, we analysed, if secreted miRs might play a role in age-related dysfunctions.
| EXPERIMENTAL DESIGN
We generated miR profiles of interstitial fluid collected from younger and older volunteers after suction blistering and identified agedependent differences in miR levels (eg miR-126). In vitro, we analysed whether miR-126 is age-dependently secreted by dermal endothelial cells and incorporated by other skin cells.
| RESULTS
| Secretory miR levels during skin ageing
To investigate the levels of secreted miRs during skin ageing, human interstitial fluid of the skin was analysed. 6 Quantitative PCR-based microRNA profiling was performed, and 175 miRs were detected with a C t -value <40 which was sufficient to be considered in the following analysis ( Figure S1 and Table S1 ). Setting a threshold of 1. 
| Age-related miR-100 , miR-126 and miR-223 levels in cultured endothelial cells
In vitro analysis was performed to delineate whether the age-related miR expression changes are triggered during cellular ageing. We cultivated dermal endothelial cells isolated from volunteers aged between 22 and 73 years and determined miR-100, miR-126 and miR-223 abundance in the supernatant 48 hours after cell seeding. All three miRs were significantly decreased in the supernatant of endothelial cell populations isolated from aged volunteers compared to the younger cell population ( Figure S2A-C) . In contrast, intra-cellular miR levels detected for miR-100 and miR-126 (miR-223 was not analysed) in the intra-cellular compartment remain stable throughout age ( Figure S3A -B).
*contributed equally to this work F I G U R E 1 Age-related miR expression changes in human suction blister fluids of the skin. A-C: Different miRs were selected from miRNA profiling for validation from qRT-PCR profiling. The suction blister fluid of 20 healthy volunteers of two different age groups (18-28 years and 66-75 years) was collected, and the suction blister fluids of 2 volunteers were combined to one sample. A significant decrease of A miR-100 , B miR-126 and C miR-223 levels could be detected in samples obtained from aged skin (n=5 samples per group). Cel-39 was used as a normalizing miR control. **P<0.01
